It has been known since the time ofHippocrates that poorly nourished people are more susceptible to infectious diseases. Associations between famine and epidemics of infectious disease have been noted throughout history. Under-nutrition impairs the immune system (IS), suppressing immune functions that are fundamental to protect the host efficiently from bacterial and viral infections. In addition, undernutrition may potentiate the effects of both viral and bacterial infections (1) .
It is now widely recognized that diet is an important determinant of human health, with an appropriate dietary supply of the macronutrients, protein, carbohydrate and fat obviously being essential. There is also growing awareness of the need for an adequate intake of fruit and vegetables, as has been demonstrated by many epidemiological studies (2) . The beneficial effects ofthese foodstuffs is thought to reflect their importance as sources of micronutrients and this has led to an upsurge interest in the metabolism and biological functions of trace elements and vitamins (3, 4) . The aim of this review is to give an up-to date account of the roles of selected fat-soluble vitamins in health and disease. the body's components from those of foreign invaders, the ability to recognize and respond in specific ways to an essentially unlimited number of different molecules, as well as the unique capacity to respond with an accelerated and enhanced response on re-exposure to a previously encountered foreign agent (1, 8) .
The recognition of self is accomplished by means of an elaborate system of specific molecules present on the surfaces of all cells in the body. In normal circumstances, the cells of the IS do not attack those cells which carry these distinctive markers, molecules which denote self. However, any encounter with certain foreign marker molecules activates cells of the IS, causing them to mount a defensive response (7) (8) (9) . During this response, immature immune cells are stimulated to differentiate into specialized cells capable of responding to the specific antigen. These cells are equipped with special receptor structures that allow them to recognize and interact with their individual targets. A few of these specialized cells, called memory cells, remain functional even after the response to a foreign agent is completed. Thus, the next time the IS meets up with the same antigen, it can respond to it quickly and effectively (10-1I).
VITAMINS
Throughout the body, there are catalysts acting on a host of chemical reactions within living cells. Most of these are proteins acting as enzymes and some of them require additional "cofactors" to complete their function (4, 12) . Some of these cofactors are minerals, such as magnesium, calcium, and copper. There are also organic cofactors that must be consumed in the diet, because the body (in general) is unable to synthesize them for itself. These are the vitamins (13) (14) (15) . They are organic and, unlike the minerals, can be readily destroyed and are essential because in their absence particular functions of the body fail and may cease. Ultimately, deficiency ofa vitamin can be fatal. Some vitamins work in cooperation with one another. They may be involved at different stages of the same pathway and a lack of one member may prevent the others from being used. They are preset in small amounts, in both plant and animal foods (8, 16, 17) . They vary in their chemical composition but have been synthesized and can be taken as supplements.
They are needed by the body in small amounts, measured in milligram or microgram quantities, and in some cases excessive amounts of a vitamin are harmful.
It is well known that severe malnutrition, especially wasting malnutrition in children, leads to impairments in immune function (8, 17) . Such malnutrition a prominent problem in developing countries, substantially increases the risk of childhood mortality from infection. Most host defense mechanisms are impaired in protein-energy malnutrition, even if the nutritional deficiency is only moderate in severity. Deficiencies of several micronutrients have been shown to reduce the immune response (14, (18) (19) (20) .
VITAMIN A
Vitamin A was the first fat-soluble vitamin to be identified; it is now known that there are several related compounds which have vitamin A activity, hence the name Vitamin A will be used. Three forms possess vitamin A activity in the body: retinol, retinal, and retinoic acid; collectively they are called the retinoids. There is interconversion between the first two forms, but once the acid has been formed it cannot be reconverted. In addition, there are provitamin A compounds, the carotenoids, which can be converted, with varying degrees of efficiency into retinol. The most important of these is l3-carotene (4, 21).
The majority of vitamin A is stored in the liver and the size of the stores can be used to assess vitamin status. It is transported to its target sites attached to a specific retinol-binding protein (RBP), and a pre-albumin in the plasma. Retinol levels in the plasma are not a good indicator of vitamin status because of the normal size of liver stores; instead, lutein comprises 10-40% of plasma carotenoids and may be a useful marker of "green" intake. The different forms of vitamin A appear to have differing function in the body. Between the many function of vitamin A, particularly important is its role in lymphocyte function and antibody response to infections. Children suffering from vitamin A deficiency are, therefore, more vulnerable to infections, such as those of the respiratory and gastrointestinal tract, and measles. Furthermore, a severe infection may further deplete vitamin A and make the child more likely to die than a nondeficient child with the same disease. There is a link between vitamin A and red blood cell formation, possibly involving the utilization of iron; anaemia is a frequent finding in vitamin A deficiency despite apparently adequate iron stores (23, 24) .
In recent years, the carotenoids have been found to have an important antioxidant role in quenching free radical reactions, particularly those involving singlet oxygen. This prevents adamaging chain reaction that could result in lipid peroxidation or damage to DNA, both of which have been postulated as being precursors of disease processes, leading to coronary hearth disease and cancer, respecti vely. These properties have been attributed both to [3-carotene and lycopene (found especially in tomatoes) (25) .
Vitamin A appears to playa particularly role in the body's defences the measles virus. Recent studies suggest that high-dose vitamin A supplementation is of significant value in preventing complications of severe measles and reducing mortality from this disease. An adequate supply of vitamin A is needed for the normal development of many types of blood cells, including lymphocytes. Networks of cytokines that influence immune responses may also be altered during vitamin A deficiency, along withantibody responses to antigens may be modified (26-27).
VITAMIN D
The principal physiologic role of vitamin D is to maintain serum calcium and phosphorus concentration at appropriate levels for the formation of bone, support ofcellu lar processes and functioning of nerves and muscles (4, 28) . Vitamin D can be made in the skin from a provitamin under the influence of ultraviolet (UV -B) light of wavelength between 290 and 320 nm. There are two potential provitamins for vitamin D: 7-dehydrocholestrol (vitamin D3) and ergosterol (vitamin D2). The former is present in animal fats, including the skin of humans, having been made in the body from cholesterol. Ergosterol is found in yeast and fungi, and is used as a source of commercial vitamin product (29) (30) .
There are few source of vitamin D that are consumed on a regular basis. Butter fats (including margarine, low-fats spread), eggs and milk are most regularly consumed sources. Other sources include oil fish and liver, although these may occur rarely in the diet (31-33).
1a-OHD3, an active Vitamin D supplement enhances calcium absorption and is necessary for healthy teeth and bones. Reccommended daily value 400 IV.
VITAMIN E
Vitamin E was first identified as an anti sterility substance necessary for normal reproductive performance in rats; the rats could be successfully treated with whole wheat. This role has, however, been difficult to identify in humans. In recent years, it has become clear that vitamin E is possibly the most important antioxidant vitamin in the body, playing an essential protective role against free radical damage (4,21-23).
It is now known that vitamin E consists of a group of substances belonging to two closely related families: tocopherols and tocotrienols, with each existing in a number of isomeric forms, a, [3, "t-and 8, making a total of eight different members of the group. The most important member, with the greatest biological potency and accouting for 90% of the vitamin activity in the tissues, is atocopherol. It is this form which is often taken as the representative of the whole group (34) (35) .
Animal foods provide only a-tocopherol, whereas plant foods may contain the other isomeric forms of tocopherol and the tocotrienols, as well. Among plant foods, vegetable oils are the most important sources. The germ of whole cereal grains contains vitamin E (a rich source of tocotrienols). In addition, some is found in green leafy vegetables and some fruits and nuts. Margarines manufactured from vegetable and seed oils contain some vitamin E, although amounts vary. Tocopherol generally occurs free in foods; tocotrienols are esterified a.nd must be split from these before absorption. In the presence offats, absorption rates of the vitamin are 20-50%, with lower rates of absorption occurring as dosage increases. Thus absorption from supplements may be as little as 10%. In the plasma, the vitamin is transported in the low-density lipoprotein (LDL) fraction and concentrates in the cell membranes. Highest concentrations are found in the adipose tissue; other organs and tissues which contain the vitamin include liver, heart, skeletal muscle and adrenal glands. Levels in the plasma and liver are the first to decrease when intakes are inadequate to meet requirements (4).
The chemical structure of tocopherols and tocotrienols, with an -OH group on the ring structure, makes them very effective hydrogen donors. In donating hydrogen, the vitamin E becomes oxidized itself, while preventing the oxidation of polyunsaturated fatty acids in cell membranes. This is important when free radicals are present, as these highly reactive substances can attack double bonds, setting up chain reactions, with more free radicals being produced. In the case of damage to fatty acids, lipid peroxides are produced which alter the function of the cell membrane and cause possibly irreversible damage to metabolic pathways (36) (37) . There is interaction between vitamin E and other nutrients, particularly selenium and vitamin C in the antioxidant role. Vitamin C is involved in the regeneration of vitamin E (38) . Vitamin E is a potent antioxidant and has an ability to modulate host immune functions. In vitamin E deficiency, most of the immune parameters show a downward trend, which is associated with increased incidence of infectious disease and the incidence of tumours. In contrast, vitamin E supplementation has various beneficial effects on the immune system. The decreased cellular immunity seen with aging or during the development of AIDS is markedly improved by the intake of a high vitamin E diet. In addition, vitamin E playa role in differentiation of immature T cells in thymus via increased positive selection by thymic epithelial cells, which results in the improvement of decreased cellular immunity in the aged (35, 39) .
Vitamin E is particularly important in those parts of the body where large amounts of oxygen are present, including the lungs and the red blood cells. In addition, the lungs are also exposed to environmental pollutants which contain free radicals, making antioxidant protection essential (40) (41) (42) (43) . Many data suggest that the anti-oxidant properties of vitamin E preserve adequate function of immune cells against homeostatic disturbances such as those caused by endotoxic shock and aging (44) . For instance, low ingestion of vitamin E decreased chemotaxis and production of superoxide anion by macrophages and increased phagocytic capacity; in contrast, high doses of vitamin E decreased macrophage and lymphocyte chemotaxis, superoxide anion production and Iymphoproliferative capacity, as well as phagocytosis. Diet supplementation with higher than usual levels of vitamin E appears to be beneficial for IS (45) .
In summary, vitamin E is essential in maintaining cell membranes, contributing to their integrity, stability and function (39) , and is an important nutrient for maintaining the IS, especially in the aged (39, (46) (47) (48) .
VITAMIN K
This vitamin was initially isolated as a factor involved in blood clotting, with haemorrhagic disease observed in its absence. A number of compounds are now recognized as having vitamin K activity, all related by their structure as members of the naphthoquinone family. The most important naturally occurring members are phylloquinone (k.) and menaquinone (K 2 ) ; there is also a synthetic compound, menadione (k.), which is water soluble, and therefore has advantages in absorption. The menaquinones are synhesized by bacteria, including those which inhabit the human colon. It is, therefore, possible to obtain some of the vitamin requirements from synthesis in the gastrointestinal tract. However, this source may not be sufficient to meet all needs and, therefore, a dietary source is also required. If the colonic bacteria are eliminated, for example by antibiotic use, the individual is totally dependent on dietary supplies (4). Phylloquinones are obtained from plant foods, with rich sources being the green leafy vegetables (such as broccoli, cabbage, spinach, Brussels sprouts) and peas. Menaquinones occur in animal foods, especially liver; meat and dairy products contain smaller amounts. Generally, vitamin K is widely distributed in foods and a dietary deficiency is rare. Margarines, especially those from soy bean oil, may be important sources. Tea also contains a useful amount of vitamin K (4).
The major role of vitamin K is to take part in the gamma-carboxylation of glutamic acid residues. This is part of a cycle in which the vitamin changes from an oxidized form (quinone) to the reduced form (quino!). On completion of the carboxylation, the vitamin is converted back to the quinone form and can be reused. The vitamin-K-dependent proteins (or gla-proteins) that are produced participate in many reactions in the blood clotting cascade, in which four of the factors needed contain gamma-carboxyglutamate, namely prothrombin and factors VII, IX and X. It is thus clear why a vitamin K deficiency has serious effects on blood clotting. Anticoagulants such as warfarin interfere with the regeneration of the reduced vitamin K, thus breaking the cycle. Another gla-protein is osteocalcin, found in bone, which is needed for the normal binding of calcium in bone matrix. It is increasingly recognized that vitamin K supplementation may increase bone density in osteoporosis (42) .
CONCLUSIONS
Nutritional factors may influence immune functioning in many ways and at many levels. Because of the complexity of the IS, no single assay can assess the effects of changes in nutrition on immune function (42) .
Dietary factors that influence immune responses include total energy intake, total fat intake, the types of fatty acids ingested, several vitamins, carotenoids, trace minerals and probiotic bacteria (3) .
The potential benefits of dietary modulation must be balanced against the potential health risks that may be associated with unusual dietary patterns or the prolonged use of supplements at high concentrations (3, 49) .
Nevertheless, nutritional therapies aimed at modifying the IS are of great value in both the maintenance of health and the treatment of disease (2, 12, 9, 42) . Prominent among fat soluble vitamins in the proper function of the immune system are vitamins A and E because they also have antioxidant properties. Another class of mostly fatsoluble plant-derived molecules with potent antioxidant and cytoprotctive properties are the flavonoids (50) of which the structure of some endows them with higher activity (51) .
